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Abstract. We determine the morphological types of 2295 galaxies from the ESO Nearby Abell Cluster Survey (ENACS) from
CCD images obtained with the Dutch telescope on La Silla. A comparison with morphological types from the literature for 450
of our galaxies shows that the reliability of our classification is quite comparable to that of other classifiers. We recalibrate the
ENACS spectral classification with the new morphological types, and find that early- and late-type galaxies can be distinguished
from their spectra with 83% reliability. Ellipticals and S0 galaxies can hardly be distinguished on the basis of their spectra, but
late spirals can be classified from the spectrum alone with more than 70% reliability.
We derive pseudo-colors and linestrengths from the ENACS spectra for the galaxies of different morphological types. We
consider the bright (MR ≤ −20) and faint (MR > −20) subsets of the galaxies without emission lines (non-ELG) separately.
We find a strong and significant correlation between the average color and the average strength of the metal absorption lines.
The average metallicity decreases and the average color gets bluer towards later Hubble type. Also, the faint galaxies in each
morphological class are bluer and less metal-rich than their brighter counterparts, which extends the well-established color-
magnitude relation of early-type galaxies to (late) spirals. In view of these very strong global trends, the colors and metallicities
of faint S0 galaxies and bright early spirals are remarkably similar. The bright early spirals may, on average, have somewhat
stronger Hδ absorption than the other galaxies, which could be due to recent starformation.
The galaxies with emission lines (ELG) have a bluer spectral continuum than the non-ELG, and the amount of blueing hardly
depends on morphological type. The fraction of ELG depends strongly on morphological type (varying from 4 ± 1% for
ellipticals to 59 ± 4% for late spirals), but for each of the morphological types it varies very little with projected distance from
the cluster center.
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1. Introduction
After the introduction by Hubble of his galaxy classification
scheme (1926, 1936), various other schemes have been pro-
posed, e.g. by Morgan (1958), de Vaucouleurs (1959), Sandage
(1961) and van den Bergh (1960a, 1960b, 1976). Although the
details of those schemes differ, they all share Hubble’s original
idea that in some way the morphological classification reflects
an underlying physical sequence. In individual cases it may be
difficult to estimate the morphological type accurately from vi-
sual inspection, but the results of expert classifiers agree quite
well (Naim et al. 1995a). Although it is generally accepted that
the morphological types form a sequence, it is not totally clear
how sharp the boundaries are between successive types, nor
whether the galaxy types indicate fundamental differences in
several physical properties, or just a continuous change in a
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single physical quantity, such as e.g. bulge fraction (see van
den Bergh 1997).
Studies of the color-magnitude relation (e.g. Bower et al.
1992; Ellis et al. 1997) and of mass-to-light ratios (e.g. Lucey
et al. 1991; van Dokkum et al. 1996, 1998; Kelson et al. 2000)
suggest that ellipticals and S0 galaxies form a single class of
slowly evolving objects. From spectra, Jones et al. (2000) con-
clude that ellipticals and S0 galaxies have similar luminosity-
weighted ages and metal abundances. However, Kuntschner &
Davies (1998) obtained shorter luminosity-weighted ages for
S0 galaxies in the Fornax cluster, and Smail et al. (2001) found
shorter luminosity-weighted ages for the fainter S0 galaxies. At
the same time, Dressler et al. (1997) and Fasano et al. (2000)
found evidence that S0 galaxies have formed relatively recently
(but see Andreon 1998 and Fabricant et al. 2000), and Poggianti
et al. (1999), and Jones et al. (2000) even suggested that early
spirals have transformed into S0 galaxies.
Poggianti et al. (1999) used the spectral catalogue of
Dressler et al. (1999), of galaxies at intermediate redshifts
(z ∼ 0.5), to study the connection between morphological and
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spectral transformations. They distinguish the following (spec-
tral) galaxy types: starforming emission-line galaxies (ELG),
post-starburst galaxies (a+k/k+a) and passively evolving galax-
ies (k). The fraction of post-starburst galaxies increases with
redshift (Dressler & Gunn 1983; Couch & Sharples 1987).
Poggianti et al. (1999) suggested that when individual galax-
ies entered clusters at intermediate redshifts they had a modest
final starburst (see also Ellis et al. 2001; Ellingson et al. 2001)
after which the galaxy evolved passively. These results agree
with the finding that the fraction of gas-rich galaxies and the
fraction of ELG decreases towards the cluster center (Biviano
et al. 1997, paper III; Solanes et al. 2001; Dale et al. 2001).
The transformation of a galaxy with starformation or even a
modest starburst to a galaxy that is passively evolving will lead
to changes in the structure of the galaxy. However, Poggianti
et al. (1999) concluded that the morphological transforma-
tion, from early spiral to S0, cannot be driven purely by the
star-formation history. Yet, the transformation of a significant
number of early spirals into S0 galaxies, may be accompa-
nied by (possibly subtle) spectral differences due to recent star-
formation. Therefore, it is of interest to study the average spec-
tra of galaxies of different morphological types, using large
samples of cluster galaxies.
We have determined the morphological types of close
to 2300 galaxies in the ESO Nearby Abell Cluster Survey
(ENACS, Katgert et al. 1996, 1998, papers I and V of this
series) from CCD images taken especially for this purpose.
The majority of those galaxies (about 1450) had earlier been
classified on the basis of their ENACS spectrum by de Theije
& Katgert 1999 (paper VI). Following previous work (e.g.
Zaritsky et al. 1995; Folkes et al. 1996; Lahav et al. 1996) we
combined the morphological and spectral classifications into
a single classification scheme. This is shown to be meaningful,
and it increases the number of galaxies with ‘type’-information,
which is essential for the study of morphological segregation
(Thomas & Katgert 2005, paper IX; Biviano et al. 2002, pa-
per XI). Finally, we study the average spectral properties of the
galaxies in the various morphological classes.
This paper is organized as follows. In § 2 we summarize the
data. In § 3 we investigate the consistency between our mor-
phological types and those from the literature. In § 4 we inves-
tigate the relation between galaxy morphology and the pres-
ence of emission lines in the spectrum. In § 5 we compare the
spectral and morphological types, and in § 6 we discuss the
combination of spectral and morphological types into one clas-
sification scheme. In § 7 we compare the average spectra for
the galaxies of the various morphological classes. Finally, we
summarize and briefly discuss the main results in § 8.
2. The data
Our analysis is based on data from the ENACS, which has
yielded redshifts for 5634 galaxies in the directions of 107
nearby (z <∼ 0.1) Abell cluster candidates (see papers I and
V). The ENACS magnitudes are R-band, and the absolute
magnitudes, MR, were derived for H0 = 100 kms−1 Mpc−1.
Interlopers (non-members) were eliminated with the interloper
removal procedure devised by den Hartog & Katgert (1996)
and applied to the ENACS dataset by Katgert et al. (2004, pa-
per XII). For 3798 galaxies in the ENACS sample, de Theije &
Katgert (paper VI) used the ENACS optical spectrum to derive
spectral galaxy types. The latter were ‘calibrated’ with a subset
of the galaxies for which Dressler (1980) had previously de-
rived a morphological type. The spectral classification is based
on the wavelength range from 372 nm to 501.4 nm, which was
observed at ∼ 0.6 nm resolution and sampled at 0.35 nm. For
a detailed description of the PCA/ANN-based spectral classifi-
cation we refer to paper VI.
In recent years, a long-term programme of CCD-imaging
has been carried out with the 0.92-m Dutch telescope at La
Silla. This has yielded R-band CCD-images for 2295 ENACS
galaxies, from which we have derived morphological types. For
∼ 1450 of those 2295 galaxies we can now compare the spec-
tral classification from paper VI with the new, CCD-based mor-
phological type (this work). We must stress that the galaxies for
which we have CCD-images are not a representative subset of
the ENACS sample, because we selected relatively more early-
type galaxies for our CCD-imaging programme.
The CCD that was used in the imaging had pixels of 0.44′′.
Most observations were done in photometric conditions, and
the seeing was between 1.2′′ and 2.0′′ (FWHM). To get rea-
sonable signal-to-noise ratios for the galaxies, of which the
apparent magnitudes in R are brighter than 17, exposures of
3 minutes were made. Galaxies in the clusters A2361, A2401
and A2569 were observed with the 1.0-m JKT at La Palma.
The latter observations were done with a similar resolution and
seeing, but in non-photometric conditions.
3. The morphological classification and its
reliability
We used the revised Hubble scheme (de Vaucouleurs 1959,
1963) to classify the galaxies by eye from their morphologi-
cal appearance. The angular resolution of our data allowed us
to assign galaxies to one of the following classes: E, E/S0, S0,
S0/S, and S. The E/S0 and S0/S types are intermediate between
E and S0, and S and S0 respectively. The spirals (S) are sub-
divided into early spirals (Se), late spirals (Sl) and generic spi-
rals (Sg). In our classification scheme the Se class comprises
Sa, Sab and Sb galaxies, and the Sl class Sbc, Sc, S/I and I
(Irregular) galaxies. The Sg class consists of galaxies which
we know are spirals, but for which no detailed classification
was possible.
In our classification we used the criteria laid down by
Dressler (1980). E galaxies have smooth (de Vaucouleurs) ra-
dial profiles without discontinuities in surface brightness. S0
galaxies have an additional non-spheroidal component (disk or
lens). Spiral galaxies are (exponential) disk galaxies with spi-
ral arms or ring patterns. The early spirals have brighter bulges
and less open spiral arms than late spirals. The class of late
spirals also contains irregular galaxies, i.e. amorphous objects
with asymmetric isophotes.
Although the criteria used in the Hubble scheme are widely
accepted, different authors are likely to have weighted these
criteria in slightly different ways. In addition, the morphologi-
cal classification is not very quantitative, and it can depend on
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Fig. 1. Images of representative galaxies of all 4 morphological types, at two apparent magnitudes. Note that the grey scale
contrasts are not identical in the 8 frames. As we explained in the text, for the fainter galaxies we sometimes used the brightness
profile as additional evidence for the morphological classification.
the inclination and the brightness of the galaxy. In particular,
face-on S0 galaxies are difficult to distinguish from E galaxies.
It is also difficult to distinguish edge-on S0 galaxies and early
spirals since our images in general do not allow us to make
statements about the presence of gas or dust. Likewise, early
and late spirals are hard to distinguish if seen edge-on. In some
cases, we used the 1-d brightness profile to help discrimate be-
tween E and S0 classification on the one hand and S0 and spiral
classification on the other hand. In Fig. 1 we show images of
representative galaxies of all 4 morphological types, at two ap-
parent magnitudes. Note that the grey-scale contrasts are not
identical in the 8 frames.
Naim et al. (1995a) made a comparative study of inde-
pendent morphological classifications by various expert clas-
sifiers, in order to investigate the performance of their own,
automated classification (Naim et al. 1995b). They numbered
the successive broad Hubble classes E, S0, Sa+Sb, Sc+Sd and
Sm+I, from 1 to 5 respectively, and determined the (cumula-
tive) rate of agreement between different classifiers to within n
broad Hubble types. Among others, they compared Dressler’s
(1980) classification with both Buta’s and Huchra’s classifica-
tions. They concluded that the rates of agreement between clas-
sifications of different observers, and between those classifica-
tions and their automated classification, are very similar.
We compared our classification (TK) with that of Dressler
(AD), for the 448 galaxies classified both by Dressler and
by ourselves. In addition to these 448 galaxies, there are 138
galaxies with literature morphologies and with ENACS red-
shifts, but for which we do not have a CCD image. The num-
bers of galaxies in the AD-TK comparison are listed in Tab. 1.
According to Tab. 1 the total rate of exact agreement between
AD and TK (i.e., using all classes) is 59 ± 4%. Excluding the
E/S0- and S0/S-classes because these are not very meaningful
for this comparison, we obtain 77 ± 5%. Finally, if we also ex-
clude the indeterminate Sg-class comparisons (i.e. Sg-Sg, Sg-
Se and Sg-Sl), we obtain 79±5% agreement. This latter number
is the relevant one for all analyses, in which the S/S0, E/S0 and
Sg classes are not used.
In Fig. 2 we show the (cumulative) rate of agree-
ment to within n broad Hubble types, where we followed
Naim et al. (1995a) and numbered the successive broad
Hubble types as follows: E=1.0, E/S0=1.5, S0=2.0, S0/S=2.5,
Sa+Sab+Sb=3.0, Sg=3.5, Sbc+Sc=4.0 and S/I+I=5.0. We
show the rates of agreement between Dressler and Buta (AD-
RB), between Dressler and Huchra (AD-JH), and between AD
and TK, as a function of the difference between the two types.
The 4 classification systems are seen to have very similar per-
formance, with more than 80% of the comparisons showing a
difference of not more than half a broad Hubble type.
For those 185 galaxies in common between AD and TK for
which the two types are not identical (see Tab. 1), we adopted
our morphological type, except in the following cases: (1) if
the galaxy was classified as E/S0 by us and as E or S0 by AD,
(2) if the galaxy was classified as S0/S by us and as S0 or Se
by AD, or (3) if the galaxy was classified as Sg by us and as Se
or Sl by AD. In addition, we adopted the morphological type
Table 1. Number of galaxies per Hubble class; AD vs. TK
TK
E E/S0 S0 S0/S Sg Se Sl
E 71 12 11 1 0 0 0
E/S0 13 4 6 0 0 0 0
S0 18 19 106 25 6 2 1
AD S0/S 0 0 12 7 0 4 0
Sg 0 0 2 9 16 19 6
Se 0 0 1 9 3 47 2
Sl 0 0 0 0 1 3 12
